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Abstract.- Three stratigraphic sections of the Early Carboniferous Gachal Formation in the Kalmard area, central Iran 
were studied. The Gachal Formation shows alternation of siliciclastics and carbonates in repeated cyclic arrangements. 
The microfacies and depositional environment are described and reconstructed. Facies analyses indicate the presence of 
seven carbonate and one siliciclastic facies types, which are indicative of back-, inner- and middle-ramp settings. A 
mixed siliciclastic-carbonate ramp setting is proposed for the depositional environment of the Gachal Formation. This  
mixed lithology has only been reported from that central Iranian formation. The Mobarak Formation, coeval deposits of 
the Gachal Formation, in Alborz (northern Iran) is mainly composed of carbonates. The facies analysis of the carbonate 
portion of the Early Carboniferous Gachal Formation shows some resemblance with those of the Mobarak Formation, 
even though middle- and outer-ramp facies are more abundant in the Mobarak Formation. During the latest Tournaisian-
earliest Visean third-order, shallowing-upwards depositional sequences were recognized in the Gachal Formation in the 
study area. Tectonic activity (fault movements) was the main reason for thickness variations of the Gachal Formation 
members in these three studied section. Synsedimentary tectonic activity must have been responsible for the platform 
rising, leading to the erosion that created the siliciclastic influx into the Carboniferous basin in the Kalmard area. Our 
results show the importance of synsedimentary tectonics on the development of carbonate facies.
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INTRODUCTION
The Carboniferous Early Mississippian-Late Pennsylvanian 
successions are sporadically and discontinuously exposed in 
Iran, but in the Alborz Mountains have been widely studied 
(e.g. Mosaddegh 2003, Falahatgar 2008, Bahrammanesh et al. 
2011, Falahatgar & Mosaddegh 2012, Zandkarimi et al. 2014). 
The bulk of the recent geological studies is focused on central 
and northern Iran structural blocks, the age and geologic origin 
of which are poorly elucidated (Angiolini et al. 2007, Brenckle 
et al. 2009, Berra et al. 2014). This study concerns the poorly 
known Kalmard area. 
 There are some widely accepted events and phenomena 
that seem to have characterized the Carboniferous Period: (a) 
the Early Carboniferous transition between the Devonian 
greenhouse and Permian-Carboniferous icehouse (Dickins 
1996, Crowell 1999), (b) sea level was high during the Late 
Devonian and Early Carboniferous (Sandberg et al. 2002), (c) 
glaciers covered most parts of Gondwana during the Late 
Carboniferous (Isbell et al. 2003a, b), (d) this ice age (or LPIA) 
corresponds to sea level decline in mid- and late Carboniferous 
times (Ross & Ross 1988), and (e) a major bio-event 
corresponds to this climate change with major extinctions of 
conodonts and ammonoid faunas as well as foraminifers, corals 
and crinoids turnovers (House 1993, Walliser 1995). It is 
noteworthy that, although no Late Carboniferous glacial 
deposits have been reported from Iran, the impact of sea level 
fall on depositional environment is undisputable (Aghanabati 
2008).
 In most parts of Iran, the Lower Carboniferous rocks are 
mainly composed of carbonates, locally interbedded with dark 
shale and marlstone. They contain a variety of foraminifers, 
brachiopods, ammonoids, trilobites, bryozoans, and crinoids. 
For instance, in Shotori Range, in the Tabas block, the Late 
Devonian-Early Carboniferous Shishtu Formation is 
informally subdivided into two members: Shishtu-1 and 
Shishtu-2 (Ruttner et al. 1968). The latter subformation is Early 
Carboniferous (Tournaisian-Visean) in age and it is composed 
of dark gray brachiopod-bearing limestone interbedded with 
pink shales. This subformation is unconformably overlaid by 
light green shales with intercalations of sandstones and 
limestones of the Visean-Moscovian Sardar Formation 
(Stocklin et al. 1965). In northern Iran, there is a succession of 
dark gray limestones with intercalations of dark marls in its 
lower part which is known as the Mobarak Formation. The age 
of the Mobarak Formation is considered Tournaisian-Visean 
based on its microfossil content (Bozorgnia 1973, Vachard 
1996, Zandkarimi et al. 2014). 
 Palaeomagnetic data from north and central Iran reveals 
that the Iranian blocks were located close to the Arabian margin 
of the Gondwana during the Late Ordovician-Earlieast 
Carboniferous and they have drifted away from Gondwana 
margin since the Permian (Muttoni et al. 2009). However, there 
are some palaeontological evidence suggesting the 
palaeoequatorial and the warm-water Palaeo-Tethyan Ocean 
afﬁnity of biota during Mississipian in northern and central Iran 
(Kalvoda 2002, Webster et al. 2003, Brenckle et al. 2009).
 The Early Carboniferous deposits were affected by 
epeirogenic episodes and widespread uplifts, more or less 
coeval with some phases of the Hercynian orogeny, as well as 
sea level ﬂuctuations. These processes lead to the emersion of 
the Lower Carboniferous platform, followed by erosion during 
Late Carboniferous and Early Permian when glacio-eustatic 
variation and marginal marine conditions dominated (Stöcklin 
1968, Darvishzadeh 1992, Husseini 1992). In central Iran, the 
Lower Carboniferous deposits show various lithofacies 
indicating that the water covered structural blocks separated by 
deep-seated faults in this period (Aghanabati 2008). 
 The study area of this research work is in the Kalmard area 
of east-central Iran (Fig. 1). The Lower Carboniferous deposits 
belong to the Gachal Formation, initially divided into four 
members A-D in ascending order (Aghanabati 1977). The 
Member A starts with quartz sandstone and is overlain by 
brachiopod-bearing dolomitic limestone interbedded with 
marly limestone; the Member B is composed mainly of 
dolomite; the Member C includes gypsum with dolomite, and 
the Member D includes fossiliferous limestone. Based on the 
brachiopod contents, the Member A has been attributed to the 
late Tournaisian (Aghanabati 1977). The foraminiferal 
contents of Member B is poor and not signiﬁcant, assigned to 
the Tournasian-Visean (Aghanabati 1977, 2004). Member C is 
lacking fossils and according to its stratigraphical position can 
be dated as Middle to Late Visean. Member D has been referred 
to the late Mississippian based on previously reported 
brachiopods, conodonts and foraminifers. In recent years, a 
ﬁfth Member E has been added to the Gachal Formation. It was 
previously considered as a part of the Khan Formation in the 
Kalmard area but since it yields Early Carboniferous 
foraminifers, it has been attributed to the upper part of the 
Gachal Formation (Haftlang 1998, Gorgij 2002). This Member 
E is composed of siliciclastic and carbonate rocks. Gorgij 
(2002) has proposed a late Visean-Serpukhovian age for 
Member E based on some small foraminifers. Vachard and 
Areﬁfard (2015) demonstrated that the complete sequence of 
the Gachal Formation in the studied sections is actually limited 
to the Tournaisian-Visean boundary interval (MFZ8-MFZ9 
biozones). 
 This paper focuses on three reference sections of the 
Gachal Formation that are located in the Kalmard area, on both 
sides of the Kalmard fault (Fig. 1B). In Tang-e Vaveila on the 
east side of the Kalmard fault, there is no evidence of gypsum 
representing the Member C but in one section, on the western 
side of the Kalmard fault (Bakhshi section), the Member C is 
recognizable. Moreover, these sections show well-exposed 
outcrops of Member D possessing abundant and diverse 
foraminiferal and algal biotas.
 The purpose of this contribution is to present the results of a 
study performed to describe and analyze microfacies, 
depositional environment, and sequence stratigraphy of the 
Gachal Formation, then to compare these microfacies and 
depositional environmental features with its time-equivalent 
deposits (Mobarak Formation) in north Iran. However, a better 
understanding of the depositional environments in a large scale 
will require high-resolution sedimentological and sequence 
stratigraphy studies in both north and central Iran.
GEOLOGICAL OVERVIEW
Iran has been divided into several structural units; each unit is 
characterized by its distinctive stratigraphy, magmatic activity, 
metamorphism, orogenic events and tectonics. Central Iran is 
one of the most complex structural zones, according to the 
deﬁnition of Stöcklin (1968), it is bordered by the Alborz 
Mountains in the north and the Lut Block in the east. Nabavi 
(1976) considered the northern part of the Lut Block as part of 
central Iran and the Sanandaj-Sirjan Zone in the south-
southwest. Alavi (1991) divided central Iran into four blocks: 
the Lut Block (LB), Tabas Block (TB), Posht-e Badam Block 
(PBB) and the Yazd Block (YB). Strike-slip dextral faults 
(Nayband, Kuhbanan, Kalmard and Posht-e Badam) separate 
these blocks from each other (Fig. 1A).
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Figure 1. A Generalized tectonic map of Iran (after Alavi 1991) showing the study area. B: Location of studied sections (1, 2 and 3) in the Kalmard area. C: 
Enlarged map showing Tabas and Posht-e Badam Blocks and Kalmard Sub-Block (KSB) and their faulted boundaries. Abbreviations: AB = Alborz; KD = 
Kopeh-Dagh; LB = Lut Block; PBB = Posht-e Badam Block; TB = Tabas Block; TQB = Tabriz-Qom Block; YB = Yazd Block; ZO = Zagros Orogen.
 The Kalmard area in central Iran (Fig 1B) is located within 
the Posht-e Badam Block and bounded by the Kalmard (in the 
east) and Naeini-Kuhbanan (west) faults. This area was 
considered as part of the Tabas block due to the resemblance 
with Precambrian basement between Kalmard and Tabas areas 
(Aghanabati, 2004). Because of the location of the Kalmard 
area between two active faults, Aghanabati (1977, 2004) has 
designated this area as an isolated sub-block within the Tabas 
Block (Fig 1C).
 As a result of the activity and vertical movement of these 
two faults, the Kalmard area was a mobile zone in the 
Palaeozoic (Aghanabati 2004). The area was uplifted or 
subsided as horsts or grabens, as a result of the tectonic activity 
of these two faults during the Late Paleozoic. Severe 
subsidence in the Tabas Block led to the deposition of more 
than 7000 m-thick Palaeozoic epicontinental marine sediments 
whereas the Palaeozoic deposits in the Kalmard area are only 
950 m-thick (Berberian 1983). The differences in thickness and 
sedimentary facies between these two adjacent areas indicate 
that the Kalmard and Tabas faults were both active during the 
Palaeozoic (Aghanabati 1977, Berberian & King 1981, 
Berberian 1983).
MATERIALS AND METHODS
Three sections were measured and sampled for facies analysis. 
About 200 samples were collected and 215 thin sections were 
prepared. Facies nomenclature and description are based on 
Dunham (1962) and Pettijohn et al. (1987). For facies 
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Figure 2. Stratigraphic correlation of the studied sections in the Kalmard area, east-central Iran. Abbreviations: C = Coarse; CBL-BLDR = Cobble-
Boulder; F = Fine; FLTSN-BNDSTN = Floatstone-Boundstone; GR = Granular; GRAIN = grainstone; L.C. = Lower Carboniferous (younger than Early 
Visean); M = Medium; MIC/MUD = Micrite/Mudstone; PACK = Packstone; PBL = Pebble; SLT = Siltstone; VC = Very coarse; VF = Very ﬁne; WACK = 
Wackestone. 
interpretation we follow Tucker & Wright (1990), Burchette & 
Wright (1992) and Flügel (2010). The identiﬁcation of third 
order depositional sequences follows Catuneanu (2006) and 
Catuneanu et al. (2009).
STRATIGRAPHY
Three stratigraphic sections of the Gachal Formation in the 
Kalmard area were measured and sampled for this study (Fig. 
1B): (1) the Tang-e Vaveila section, 55 km west of Tabas town, 
(2) the Rahdar section, 60 km west of Tabas town, and (3) the 
Bakhshi section southwest of Kalmard Karevansaray, nearly 
92 km west of Tabas town. The Gachal Formation in our three 
sections is bounded by two disconformities: (a) at the base with 
the Late Devonian sandy dolomites of the Rahdar Formation, 
and (b) at the top, with the Early Permian quartz sandstones of 
the Khan Formation. The basal disconformity between the 
Gachal and Rahdar formations is emphasized by subaerial 
erosion features, such as channels or paleosoils, whereas 
ﬂuvial channels are developed on the base of Khan Formation. 
 The Gachal Formation in the Tang-e Vaveila section, 164 
m-thick, is generally divided into three parts (Figs. 2-3, 4A-B, 
Tab. 1). Each part starts with siliciclastic deposits, which are 
overlain by carbonates. The grain size of the siliciclastic 
components ranges from coarse to ﬁne sand which decreases 
upward and grades into sandy limestone. The carbonate part of 
this section consists of shallow water medium- to thick-bedded 
packstone-grainstone as well as wackestone-packstone. These 
limestones include brachiopods, corals, bryozoans, 
gastropods, ostracods, crinoid ossicles, palechinid radioles, 
foraminifers, and algae. Small foraminifers and algae only 
appear in the upper third of the succession.
 In the Rahdar section, the Gachal Formation is about 72 m 
thick. Its lower part is composed of medium to coarse grained 
dolomite and rare dolomitic limestone yielding remains of 
brachiopod and crinoid stems, a quartz sandstone is observed at 
the base. The upper part of the Gachal Formation contains 
medium-bedded oolitic grainstone (Figs. 2, 4E, Tab. 2).
 In the Bakhshi section, the 73 m-thick Gachal Formation 
starts with quartz sandstone overlain by grey thin- to medium-
bedded stylolitic wackestone which is followed by cream, 
medium-bedded, coarse- to medium-grained dolomite. 
Gypsum-bearing shales interbedded with medium-bedded 
dolomitic limestone form the middle part of the Gachal 
Formation in the Bakhshi section. The upper part of this 
Formation is composed of massive- to thick-bedded 
wackestone-packstone including foraminifers, corals, 
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Figure 3. Tang-e Vaveila section. A: The Member D of the Gachal Formation showing the third-order depositional sequences, with NE view. B: Carbonates 
of the upper part of the Gachal Formation, bioclastic wackestone-packstone with foraminifers, brachiopods, crinoids and algae.
brachiopods and crinoids (Figs. 2, 4C-D, Tab. 3).
 From overall stratigraphic description of the Gachal 
Formation in these above-mentioned sections (Fig. 2), it can be 
inferred that there are some facies changes between these three 
sections. The members A and B of the Gachal Formation at 
Tang-e Vaveila section are thicker and composed mostly of 
s a n d y  b i o c l a s t i c  l i m e s t o n e  a n d  b i o c l a s t i c 
wackestone/packstone. In the Rahdar and Bakhshi sections, 
dolomite form the major part of these members and the rest 
include ooidal limestone (at Rahdar section) and bioclastic 
wackestone at Bakhshi section. The Member C which consists 
of dolomite interbedded with gypsum-bearing shales is only 
recorded in the Bakhshi section. Bioclastic wackestone-
packstone of the Member D is widely spread at Tang-e Vaveila 
section, showing less thickness in the Bakhshi section and with 
no record at Rahdar section.
 Wendt et al. (2005) measured and described lithologically 
the Gachal Formation at Rahdar and Bakhshi sections. There 
are some similarities and differences between the description 
of Wendt et al. (2005) and the ours in this report. This can be 
explained by the different location for the sections. For 
instance, the lower part of the Gachal Formation in Wendt et al. 
(2005) is composed of skeletal limestones which we did not 
ﬁnd in our section at Bakhshi. In Wendt et al. (2005), thick-
bedded dolomites capped by gypsum-bearing shales have been 
reported from the middle portion of the Gachal Formation at 
the Bakhshi section, and dolomite without gypsum-bearing 
shales at Rahdar section. A relatively similar lithology was 
recorded in our measured sections at Rahdar and Bakhshi for 
the middle part of the Gachal Formation as described by Wendt 
et al. (2005). The upper part of the Gachal Formation 
description by Wendt et al. (2005) contains mixed siliciclastic-
carbonates with bioclasts in its carbonate portion, whereas in 
our report the upper part of the Gachal Formation at Bakhshi 
section includes bioclastic wackestone-packstone and at 
Rahdar section contains ooidal limestones. 
BIOSTRATIGRAPHY
Foraminiferal and algal assemblages in each studied section 
are relatively homogeneous. Every identiﬁed assemblage 
indicates a precise age which are all assigned to a narrow 
interval around the Late Tournaisian-Early Visean boundary, 
“Obruchevian (?Radaevkian)” of Kulagina et al. (2003) = 
MFZ8-MFZ9 biozones of Poty et al. (2006, with MFZ = 
Mississippian foraminiferal zone). In an ascending 
biostratigraphical order, these three assemblages include the 
Rahdar assemblages (late MFZ8 = latest Tournaisian), the 
Tang-e Vaveila assemblages (Late MFZ8-Early MFZ9 = 
Tournaisian-Visean boundary interval), and the Bakhshi 
assemblages (MFZ9 = Early Visean). Detailed data regarding 
small foraminifera assemblages from the three studie sections 
have been discussed elsewhere (Vachard and Areﬁfard 2015).
FACIES ANALYSES AND INTERPRETATION
Petrographic analyses and microfacies examination of the 
studied sections of the Gachal Formation lead to the 
recognition of eight facies types and their subtypes. In the 
Tang-e Vaveila section the carbonate portion of the Gachal 
Formation is texturally composed of wackestone, packstone-
grainstone, grainstone and dolomite. The grains are peloids, 
sand-sized quartz, fragmented bioclasts including 
brachiopods, bryozoans, crinoids, gastropods, bivalves, 
ostracodes, sponge spicules, calcitarcha, foraminifers and 
algae. In the Rahdar section, oolitic grainstone and dolomite 
are the only carbonate microfacies. In the Bakhshi section, the 
textural types of limestone include mudstone and wackestone. 
The grains include peloids and bioclasts (foraminifers, 
brachiopods, crinoids, algae, sponge spicules, calcitarcha). 
The siliciclastic part in all the three sections is composed of 
quartz sandstones. The carbonate facies of the Gachal 
Formation reported here are organized in three parts of a ramp 
depositional environments: back ramp, inner ramp, and middle 
ramp.
Back ramp
Mudstone: This facies is composed of medium-bedded, dark 
grey limestone with rare fossils. In some thin sections, 
aggrading neomorphism (Munnecke & Samtleben 1996, 
Tucker 2001) has caused micrite to be partially altered to 
microsparite or sparite. Very ﬁne-grained skeletal grains and 
peloids, less than 5%, are present. This facies was observed in 
the unit 5 of the Bakhshi section. It is compared with standard 
microfacies type SMF 23 (Flügel 2010) (Fig. 5A).
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Figure 4. Tang-e Vaveila and Bakhshi sections. A: Unit 3 of the Gachal Formation in Tang-e Vaveila section, sandy bioclastic grainstone. B: Unit 7 of the 
Gachal Formation in Tang-e Vaveila section showing corals from dolomitized grainstone bearing additionally brachiopods, crinoids, and bryozoans. C: 
Boundary between limestones of Member D of Gachal Formation and basal sandstones of Khan Formation, Bakhshi section. D: Limestones of Member B 
of Gachal Formation, Bakhshi section. E: Boundary between oolitic grainstones of Gachal Formation and basal sandstones of Khan Formation, Rahdar 
section.
Interpretation: The lime mudstone with very rare skeletal 
grains is indicative of a low-energetic stressed marine 
environment, presumably with elevated salinity, although there 
is no evidence of pseudomorphs after gypsum, anhydrite or 
halite crystals. The mudstone shows no evidence of subaerial 
exposure. Its vertical association with lagoon and open marine 
deposits supports its deposition probably in a shallow subtidal 
to lower tidal ﬂat setting of a back ramp (Tucker & Wright 
1990). 
Bioclastic sponge spicule and calcitarcha wackestone: This 
facies is composed of grey, thin to medium limestone beds with 
cherty lenses and nodules along bedding planes. Sponge 
spicules, calcitarcha (= calcispheres sensu Versteegh et al. 
2009), brachiopods and crinoid stems are the main allochems. 
Bivalves and ostracods are minor allochems and represent only 
up to 2% of the components. This facies is observed in the unit 
17 of the Tang-e Vaveila section and the unit 1 of the Bakhshi 
section (Fig. 5B). It is comparable with SMF 8 (Flügel 2010).
Interpretation: Devonian and Carboniferous calcitarchs are 
abundant in restricted and semi-restricted lagoonal 
environments and in back-reef setting (Flügel 2010). Sponge 
spicule with less diverse fauna suggests deposition in more 
restricted environment (Franseen 2006). 
Sandy bioclastic grainstone: This facies is typiﬁed by light 
grey to grey, medium bedded carbonate beds with skeletal 
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Table 1. Lithologic description of the Gachal Formation, Tang-e Vaveila section, Kalmard area, Iran.
Table 3. Lithologic description of the Gachal Formation, Bakhshi section, Kalmard area, Iran.
Table 2. Lithologic description of the Gachal Formation, Rahdar section, Kalmard area, Iran.
debris cemented by sparite. The fauna consists of brachiopods, 
crinoids and bivalves. Fine- to medium-grained, moderately- 
to well-sorted, angular to sub-rounded, monocrystalline quartz 
is another constituent of this facies (> 10%). Sedimentary 
structures includes cross-bedding. The moderately- to well-
sorted allochems are cemented by blocky, syntaxial and drusy 
sparites. Dolomitization has locally caused the alteration of 
sparite to dolosparite. This facies encompasses the basal part of 
the units 3, 11, and 13 of the Tang-e Vaveila section and marks 
the beginning of carbonate deposition during highstands (Fig. 
5C).
Interpretation: The grain supported texture, the absence of 
micrite, the cross-bedded strata and siliciclastic inﬂux indicate 
deposition in a high energy environment (Olivier et al. 2008, 
Flügel 2010) and in an upper intertidal setting due to its vertical 
association with lagoonal facies. 
Diagenetic dolomite: This facies is composed of cream to light 
grey, medium bedded dolostone. Internal structure and crystal 
shape are indicative of dolosparite, composed of anhedral 
crystals with non-planar faces and having a xenotopic fabric. 
The original sedimentary textures in these dolosparites are not 
preserved. This facies is observed in the unit 5 of the Tang-e 
Vaveila section, the unit 2 of the Rahdar section, and the unit 3 
of the Bakhshi section (Fig. 5D).
Interpretation: Vertical association of these dolomites with 
lagoonal facies points to deposition in a shallow water 
environment. This dolosparite was formed at high 
temperatures, and has replaced limestone (Gregg & Shelton 
1990) due to late burial and recrystallization (Narkiewicz 
2009).
Quartz sandstone: Brown to orange, medium beds are 
characteristic in the ﬁeld. Quartz grains are ﬁne to coarse, 
moderately- to well-sorted, and angular to sub-rounded in 
shape. All the quartz grains are monocrystalline and constitute 
about 90% of the rock volume. The skeletal grains are minor 
constituents, with less than 5%. This facies is present in the 
units 2 and 9 of the Tang-e Vaveila section and the unit 1 of both 
Rahdar and Bakhshi sections (Fig. 5E).
Interpretation: The high compositional and textural maturity of 
the quartz sandstones, as well as cross-bedding and lamination 
indicate a high energy depositional environment. Besides, and 
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Figure 5. Photomicrographs of facies types of the Gachal Formation. A: Mudstone, sample GD1. B: Bioclastic sponge spicule calcitarcha wackestone, 
sample T126. C: Sandy bioclastic grainstone, sample T58. D: Diagenetic dolostone, sample T14. E: Quartz sandstone, sample T11. F: Bioclastic 
foraminiferal packstone, sample T98.
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Figure 6. Photomicrographs of facies types of the Gachal Formation. A: Blastic packstone/grainstone with diverse biota, sample T28. B-C: Ooidal 
grainstone sample R24. D: Bioclastic wackestone/packstone, sample T115.
the vertical succession of the sandstones with carbonate tidal 
facies implies that sedimentation should have occurred in an 
upper intertidal to lower supratidal environment.
Inner ramp
Bioclastic packstone/grainstone with diverse biota: This facies 
is typiﬁed by light grey to yellowish grey, medium to thick 
limestone beds. The skeletal grains consist of brachiopods, 
crinoid ossicles, bryozoans, gastropods and algae in a micritic 
matrix. Some bioclasts are coated or micritized. Minor 
allochems are peloids (< 10%) and quartz (< 5%). In some 
cases, poorly to moderately sorted, rounded to sub-rounded 
peloids (about 10%) form peloid bioclastic crinoidal 
brachiopod packstone/grainstone. Also, in some samples the 
presence of more than 30 % of small foraminifer changed the 
type  o f  the  fac ies  in to  b ioc las t i c  fo ramin i fe ra l 
packstone/grainstone (Fig. 5F). Sedimentary structures are 
low-angle lamination and normal grading. This facies is 
moderately- to well-sorted. Dolomitization occurs in some 
beds of former bioclastic packstone. This facies is observed in 
the units 7 and 15 of the Tang-e Vaveila section (Fig. 6A). It is 
comparable with the SMF 10 (Flügel 2010).
Interpretation: This facies was deposited in a medium- to high-
energy environment, possibly above the fair weather wave 
base. Fragmentation of bioclasts is due to reworking by wave 
or tidal processes. The diverse fossil contents suggests normal 
marine conditions. According to the diversity and relative 
abundance of the stenohaline biota, this facies indicates a 
shoal-related subtidal setting. 
Ooidal grainstone: These deposits are composed of light grey, 
medium-bedded ooid-bearing limestone beds. They 
commonly show cross-bedding and cross-lamination. Well-
sorted ooids form 60 to 70% of the rock volume. These single 
tangentially structured ooids were mostly formed around small 
foraminifers, bioclasts, rounded clasts, and peloids. The 
skeletal debris consists of brachiopods, palechinid radioles, 
crinoid ossicles, bryozoans, rare bivalves, algae, very rare 
gastropods, and foraminifers. The cements are drusy and 
blocky sparites. This facies is observed in the unit 3 of the 
Rahdar section (Fig. 6B-C). It is comparable with the SMF 15 
(Flügel 2010).
Interpretation: Tangential structures are commonly originated 
in high-energy marine settings on oolitic shoals, tidal bars and 
beaches (Flügel 2010).  The sedimentary structures and 
components of this facies indicate a high energy environment 
above the fair weather wave base and in an inner ramp setting 
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(Laya and Tucker 2012). Grainstones with similar feature have 
been reported from Early Carboniferous deposits in Belgium 
(Flügel 2010).
Middle ramp
Bioclastic wackestone/packstone: This facies is composed of 
grey to dark grey massive to medium limestone beds with 
subrounded skeletal grains including foraminifers, crinoid 
ossicles, brachiopods, palechinid radioles and algae within the 
micrite matrix. Minor allochems are intraclasts (2%). Skeletal 
grains show micritized boundaries. Some fossils are well 
preserved.  This facies shows local bioturbation. The presence 
of peloids (up to 15%) in some cases turns this facies to peloidal 
bioclastic wackestone-packstone. This microfacies occurs in 
the units 4, 14 and 16 of the Tang-e Vaveila and the unit 6 of the 
Bakhshi section (Fig. 6D). It is comparable with the SMF 8 
(Flügel 2010).
Interpretation: The combination of complete and fragmentary 
elements of diversiﬁed marine biota, normal grading and 
overlying hummocky cross-stratiﬁcation suggest a 
depositional environment from below storm wave base up to 
fair weather base (Chuanmao et al. 1993, Wright & Tucker 
1990, Flügel 2010). The fragmentation of some bioclasts 
should be due to bioturbation.
DEPOSITIONAL ENVIRONMENT
The Gachal Formation is characterized by cyclic sequences 
composed of siliciclastic and carbonate deposits which are 
common in Permo-Carboniferous rocks (Mack & James 1985, 
Yancey 1991, Stemmerik & Worsley 2000, Areﬁfard & 
Isaacson 2006). Mixed siliciclastic and carbonate deposition 
on shelves, on which land-derived siliciclastic sediments are 
trapped in nearshore and inner shelf environments, and 
simultaneous deposition of pure carbonate sediments take 
place in subtidal as well as intertidal settings (Flügel 2010). The 
nature of the shoreline deposits basically reﬂects the 
relationship between the amount of input of land-derived 
sediments and the ability of marine processes to redistribute 
them. The interplay of the two processes produces a continuous 
spectrum of shoreline types ranging from the complete 
dominance of terrestrial sediments to the other extreme, where 
marine processes are dominant over a negligible inﬂux of 
detritus (Selley 2004). The boundaries between siliciclastic 
sediments and carbonates show gradational contacts as 
evidenced in the Gachal Formation. Microfacies distribution of 
the Gachal Formation in the Kalmard area reveals that 
deposition was restricted to back, inner and middle parts of the 
ramp but there is no outer ramp deposits. According to facies 
distribution of the Gachal Formation, a mixed siliciclastic-
carbonate ramp environment is interpreted for the depositional 
setting of the Gachal Formation (Fig. 7).
The carbonate facies in the Gachal Formation in the Tang-e 
Vaveila section consists mainly of protected back ramp to 
storm dominated middle ramp deposits. Open marine and 
lagoonal facies are capped by tidal ﬂat facies. The limestones 
are composed mostly of bioclasts (crinoids, brachiopods, 
gastropods, corals, algae, sponge spicules) and peloids. The 
bioclastic packstone-grainstone shows the highest biodiversity 
and moderate to high energy in inner ramp setting. The 
bioclastic wackestone with a hummocky cross-stratiﬁcation 
and complete to broken fossils reveal the existence of mid-
ramp deposits seaward of bioclastic packstone-grainstone of 
the inner ramp setting. 
In the Rahdar and Bakhshi sections the dolomitic units 
hamper microfacies analysis and interpretation of the 
sedimentary environment. In the Rahdar section the ooid 
grainstone which is the only shoal or tidal bar deposits in the 
Gachal Formation, is located on the windward side of a inner 
ramp. In the Bakhshi section, mudstone and sponge spicules 
and calcitarcha wackestone are indicative of back ramp 
deposits, and bioclastic wackestone with hummocky cross-
stratiﬁcation indicates mid-ramp setting. 
Depositional sequence
The Latest Tournaisian-Early Visean Gachal Formation in the 
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Figure 8. Stratigraphy and depositional sequences (third-order) of the Gachal Formation at the Tang-e Vaveila section. Facies analyses reveal deposition in 
back-, inner- and mid-ramp settings. In the Tang-e Vaveila section the third order cyclic sequences of mixed siliciclastic-carbonates are well identiﬁable.  
For legend and abbreviations see Fig. 2.
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Figure 9. Stratigraphy and depositional sequences (third-order) of the Gachal Formation at the Rahdar and Bakhshi sections. The dolomitic nature of some 
parts of the section hampers facies analysis, interpretation of depositional environment and sequence stratigraphy. For legend and abbreviations see Fig. 2.
Kalmard area reveals a cyclic sedimentation that is well 
documented in the Tang-e Vaveila and Bakhshi sections. It 
shows interbedded clastics and carbonates in repeated cyclic 
arrangements (Figs. 8,9) representing large scale shallowing-
upward third order sequences. Each cycle records 
transgression and regression. 
 In the Tang-e Vaveila section, two third order sequences 
can be identiﬁed. Sequence 1 is latest Tournaisian in age and 
consists of the units 1 to 11, 92 m-thick (Fig. 8). It was 
deposited during a transgression over the Late Devonian 
Rahdar Formation which is not exposed in the Tang-e Vaveila 
section. The LST deposits of the Sequence 1 include quartz 
sandstones found at the base of the  transgressive systems tract
(TST) deposits. The TST deposits of sequence 1 occur in the 
units 2-6 in the Tang-e Vaveila section. This TST is 
characterized by bioclastic packstone-grainstone and 
bioclastic wackestone containing foraminifers, brachiopods, 
crinoids, ostracodes, bivalves, corals and algae. TST deposits 
are recognized by subtidal and open marine facies. In the Tang-
e Vaveila section, the transition from deepening-upwards 
facies (units 1-6) to shallowing-upwards facies (units 7-12) 
indicates that the sediment accumulation rates exceed the rate 
of relative sea-level rise during HST. In the Tang-e Vaveila 
section, quartz grains as a component appear along with other 
allochems in the upper part of the sequence 1 and become the 
dominant constituents as siliciclastics increased and 
carbonates diminished. In consequence, during the HST tidal 
ﬂat deposits progradate over subtidal shoal and open marine 
facies. The lower and upper boundaries of sequence 1 are both 
of type 1 in the Tang-e Vaveila section. The Maximum 
Flooding Surface is not observed but it may be represented by 
bioclastic wackestone-packstone with no evidences of quartz 
grains in the unit 6 of the Tang-e Vaveila section.
 Sequence 2 (third order cycle) of the Gachal Formation in 
the Tang-e Vaveila section (units 13-17, 59 m-thick) is Early 
Visean in age (Fig. 8). Like the sequence 1, the sequence 2 
starts with LST deposits composed of sandstones which are 
found at the base of the TST deposits. The TST of sequence 2 at 
this section include unit 13 to most part of the unit 16 and the 
HST deposits are uppermost part of the unit 16 and the unit 17. 
Sequence 2 shows the same development like sequence 1.   
 Sequence stratigraphic analysis of the Gachal Formation in 
the Rahdar and Bakhshi sections is unresolved due to 
dolomitization (Fig. 9). However, we assume that in the Rahdar 
section, one third order sequence including the units 1-3 (72 m-
thick) can be identiﬁed. Like sequence 1 in the Tang-e Vaveila 
section, the LST deposits include quartz sandstones at the base 
of TST deposits. The TST deposits of this sequence are hard to 
be recognized because of the dolomites of the unit 2 in the 
Rahdar section. Unit 3 which is predominantly composed of 
oolitic grainstone can be considered as HST. The lower and 
upper boundaries of this sequence are both of type 1. 
 In the Bakhshi section, two third order sequences are 
probably present. Sequence 1 starts with sandstones at the base 
of TST deposits. The TST deposits of the sequence 1 are hardly 
recognizable because on top of bioclastic wackestone 
indicative of lagoonal environment (unit 2), dolomitisation 
makes it difﬁcult to trace microfacies changes. The gypsum-
bearing shales and dolomites of the unit 4 were considered as 
corresponding to the late stage of HST of sequence 1. The TST 
deposits of the second third order sequence in the Bakhshi 
section includes the units 5 and 6 which are composed of 
mudstone and bioclastic wackestone-packstone representative 
of tidal ﬂat and open marine environments. The HST deposits 
are not recognized and might have been removed by erosion. 
The quartz sandstone above limestones of the unit 6 are LST 
deposits of the next sequence. The upper and lower boundaries 
of the sequence 2 in the Bakhshi section are both of type 1.
COMPARISON OF THE GACHAL FORMATION 
WITH COEVAL DEPOSITS OF N IRAN
The global drop in sea level at the end of the Devonian was 
followed by a sea level rise and transgression during the Early 
Carboniferous. This transgression led to the formation of the 
widespread epicontinental seas and Mississippian carbonate 
deposition (Conrad et al. 1986, Dennison et al. 1986, Ahr 1989, 
Perri & Spalletta 2000, Menning et al. 2006). The Early 
Carboniferous was a preferable time for development of 
carbonate ramps in geologic record (Ahr 1989). Such style of 
carbonate deposition has been recorded from Early 
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Carboniferous strata in Britain (Wright 1986, Somerville et al. 
1989, Wright & Faulkner 1990), western Europe (Lees 1982, 
Wright 1994), the United States (Ahr 1989, Handford 1986), 
China (Shao et al. 2011) and Algeria (Madi et al. 1996). 
 The Early Carboniferous Mobarak Formation shows 
different outcrops in the central and eastern Alborz, northern 
Iran. At its type section, the Mobarak Formation is divided into 
four units but in most outcrops it is generally composed of 
black shales interbedded with thin limestones in its lower part 
followed by massive limestones in its upper part. Since the 
introduction of this formation by Assereto (1963) the 
microfaunal contents has been studied in detail (e.g. Bozorgnia 
1973, Vachard 1996, Mosaddegh 2003, Brenckle et al. 2009, 
Zandkarimi et al. 2014). In recent biostratigraphic studies 
based on foraminiferal biozonation the Mobarak Formation in 
the Valiabad section has been assigned to the latest 
Tournaisian-Late Visean (Zandkarimi et al. 2014). However, 
the age of the topmost portion varies from Early Visean in 
south-central Alborz to Late Visean in north-central Alborz 
(Bozorgnia 1973, Vachard 1996, Brenckle et al. 2009). This 
age variation has been explained by the erosional surfaces at 
the top of the formation (Wendt et al. 2005) or sea level drop 
from Late Carboniferous glaciation (Haq & Schutter 2008, 
Brenckle et al. 2009).
 Facies analysis and depositional environment of the 
Mobarak Formation indicate a carbonate ramp (Mosaddegh et 
al. 2006, Falahatgar & Mosaddegh 2012). The Gachal 
Formation in the Kalmard area, central Iran reveals some 
lithologic differences with the Mobarak Formation as it is 
composed of mixed siliciclastic-carbonate deposits in a 
repeated cyclic arrangement. This type of sedimentation is 
solely reported from Kalmard area during Early Carboniferous 
in Iran. Although the Mobarak Formation contains no 
siliciclastics, facies analyses of carbonate contents show some 
similarities between both formations. For instance, tidal ﬂat, 
lagoon, shoal/barrier and open marine facies are traceable in 
both formations but due to the relatively pure carbonate nature 
of the Mobarak Formation, more diverse carbonate facies are 
found in the latter (Mahari 1992, Mosaddegh 2000, Ghouchi-
Asli & Lasemi  2006, Falahatgar & Mosaddegh 2012). In the 
Mobarak Formation especially mid and outer ramp facies are 
well represented. The Tournaisian interval deposits in the Jaban 
section, southwestern Central Alborz Basin, show a ramp 
proﬁle with four main facies belts representing outer-, mid-, 
inner- and coastal-ramp environments (Sardar Abadi et al. 
2015). In the mixed siliciclastic-carbonates of the Gachal 
Formation outer ramp facies in the studied sections are missing 
and only inner and mid ramp facies are observable. However, a  
mixed Mississippian siliciclastic-carbonate ramp has been 
reported from southwestern Spain in which facies ranges 
across inner-, mid- and outer-platform environments (Cózar et 
al. 2006). Ramps generally tend to form where clastic input, 
cool climate, and/or hypersalinity hamper rapid carbonate 
production. In a case of too high subsidence, the ramp should 
be small and would develop with short duration (Ebdon et al. 
1990).  
As mentioned earlier, the Kalmard area was tectonically 
active during Paleozoic due to the vertical movement of two 
main faults (i.e. Kalmard and Naeini faults). These faults 
forced the rising of the platform, led to the erosion of the 
continental block, and created the silicilastic inﬂux into the 
deposits of the Gachal Formation. Thickness variation of the 
different members of the Gachal Formation on either sides of 
the Kalmard fault and missing of the evaporites on the eastern 
side of the Kalmard fault in the Tang-e Vaveila section stress 
the importance of the fault activities.
 Despite the importance of fault movement and tectonic 
activity in the Kalmard area during the deposition of the Gachal 
Formation, the inﬂuence of eustatic changes in the 
development of the accommodation space and the 
accumulation of the carbonates can be excluded.
 Late Paleozoic studies revealed that even in sections 
affected by tectonic activities eustatic cyclicity still is 
inﬂuential and overprint especially the upper parts of the cycles 
(Batt et al. 2007, Grader et al. 2008). Each section of the Gachal 
Formation has sandstone to subtidal carbonates, and then to 
more offshore shelly carbonates (indicative of TST) which is 
evidence of the effect of eustatic cyclicity. It is possible that the 
cyclicity in the Gachal Formation was primarily the result of 
local tectonic activity leading to creation of accommodation 
space with a eustatic overprint.
Early latest Tournaisian-Early Visean regression event in 
Kalmard area
The Member C of the Gachal Formation includes gypsum with 
dolomite and represents a regression episode in latest 
Tournaisian-early Visean. Aghanabati (1977, 2004, 2008) 
attributed this regression event to a reported regression in the 
Early Carboniferous Mobarak Formation in Alborz, northern 
Iran. In the southern side of the Alborz, the age of the topmost 
portion of the Mobarak Formation is not younger than Late 
Visean (Zandkarimi et al. 2014) and, presumably, the 
emergence of the southern side of the Alborz took place in the 
Late Visean and lasted till Permian. Based on foraminiferal age 
determinations, the Early Carboniferous regression event in 
Alborz took place in the late Visean. The foraminiferal contents 
of the Gachal Formation reveal that the age of the Member C 
cannot be younger than Early Visean (Vachard and Areﬁfard 
2015). Therefore, it seems that the regression event in the 
Kalmard area is another event, older than that in the Alborz, 
that would have occurred in Early Visean. This early Visean 
regression event has not been documented in other parts of 
Iran. In the Kalmard area, the consequences of this event have 
marked signs which can be manifested in gypsum-bearing 
shales and dolomites of the Member C of the Gachal 
Formation. In the Tang-e Vaveila section in the eastern side of 
the Kalmard fault, this regression event is not evident as there is 
no hiatus between latest Tournaisian and Early Visean deposits, 
and no record of the Member C of the Gachal Formation.  But 
in the western side of the Kalmard area in the Bakhshi section 
gypsum-bearing shales and dolomites are present, revealing 
this early Visean regression event. The absence of the Member 
C deposits of the Gachal Formation appears to correspond to 
the tectonic activity and the faults effects in this area during this 
time interval.  
CONCLUSION
1. Petrographic analyses and microfacies examination of the 
Gachal Formation in the studied sections led to the 
identiﬁcation of eight facies types which were deposited in 
back-, inner- and middle-ramp settings.  
2. The Gachal Formation in the Kalmard area was deposited in 
a mixed siliciclastic-carbonate ramp environment. This 
formation is characterized by cyclic sequences composed of 
siliciclastic and carbonate deposits. 
3. The Gachal Formation is represented by third order cyclic 
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sequences of siliciclastic and carbonates which are well 
recognized, especially in the Tang-e Vaveila section. The 
dolomitic nature of some parts of the Rahdar and Bakhshi 
section makes difﬁcult  their sequence stratigraphy analysis.
4. The mixed siliciclastic-carbonate lithology of the Latest 
Tournaisian-Early Visean Gachal Formation is exclusively 
limited to the Kalmard area during this time interval while in 
northern Iran (Alborz), the Latest Tournaisian-Late Visean 
Mobarak Formation consists mostly of carbonates with some 
interbedded shales. However, microfacies of the carbonate 
units of the Gachal Formation show some similarities with 
those of the Mobarak Formation although mid- and outer-ramp 
facies are more dominant in the Mobarak Formation.
5. Vertical fault movements in the Kalmard area during the 
Carboniferous are responsible for the rising of the platform 
providing siliciclastic input. Furthermore, the thickness 
differences of the different members of the Gachal Formation 
and missing of the member C in two sections (Tang-e Vaveila 
and Rahdar) can be related to the faults activities.
6. Despite previous reports, the regressive facies of the 
Member C of the Gachal Formation is not contemporaneous 
with the late Visean regression in Alborz (N Iran), but it is 
linked to synsedimentary tectonics.
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